membrane has been already performed by Schulmeister and Pfeiffer (Schulmeister et al., 1993) . The proposed one-dimensional-in-space (1-D) mathematical model does not take into consideration the geometry of the membrane perforation and it also includes effective diffusion coefficients. The quantitative value of diffusion coefficients is limited, for one dimensional model (Schulmeister et al., 1993) . Recently, a two-dimensional-in-space (2-D) mathematical model has been proposed taking into consideration the perforation geometry (Baronas et al., 2006; Baronas, 2007) . However, a simulation of the biosensor action based on the 2-D model is much more time-consuming than a simulation based on the corresponding 1-D model. This is especially important when investigating numerically peculiarities of the biosensor response in wide ranges of catalytically and geometrical parameters. The multifold numerical simulation of the biosensor response based on the 1-D model is much more efficient than the simulation based on the corresponding 2-D model.
Biomolecule model and Enzyme substrate interaction
A Biomolecular interaction is a central element in understanding disease mechanisms and is essential for devising safe and effective drugs. Optical biosensors usually involves biomolecular interaction, they are very often used for affinity relation test. The catalytic event that converts substrate to product involves the formation of a transition state. The complex, when substrate S and enzyme E combine, is called the enzyme substrate complex C , etc. Enzyme interfaced biosensors involve enzyme-substrate interaction, two significant applications are: monitoring of human glucose and monitoring biochemical reaction at a single cell level. Normally, we have two ways to set up experiments for biosensors: free enzyme model and immobilized enzyme model. The mathematical and computational model for these two models are very similar, at here we are going to investigate the free enzyme model. Recently (Yupeng Liu et al., 2008) investigate the problem of optimizing biosensor design using an interdisciplinary approach which combines mathematical and computational modeling with electrochemistry and biochemistry techniques. Yupeng Liu and Qi Wang developed a model for enzyme-substrate interaction and a model for biomolecular interaction and derived the free enzyme model for the nonsteady state using simulation result. 
Mathematical formulation and solution of the problem
The enzyme kinetics in biochemical systems have traditionally been modelled by ordinary differential equations which are based solely on reactions without spatial dependence of the various concentrations. The model for an enzyme action, first elucidated by Michaelis and Menten suggested the binding of free enzyme to the reactant forming an enzyme-reactant complex. This complex undergoes a transformation, releasing the product and free enzyme. The free enzyme is then available for another round of binding to a new reactant. Traditionally, the reactant molecule that binds to the enzyme is termed the substrate S, and the mechanism is often written as:
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This mechanism illustrates the binding of substrate S and release of product P. E is the free enzyme and C is the enzyme-substrate complex. 11 , and cat kk k − denote the rates of reaction of these three processes. Note that substrate binding is reversible but product release is not. The concentration of the reactants in the equation (1) pc a t dp Dk c dx +=
where k 1 is the forward rate of complex formation and k -1 is the backward rate constant. All species are considered to have an equal diffusion coefficient (
0 , ss = 0, dp
Adding Eqs. (4) and (5), we get, 22 22 
Using the boundary conditions and from the law of mass conservation, we obtain 0 ee c = − (10) With this, the system of ordinary differential equations reduce to only two, for s and c, namely 
where E γ , S γ and P γ are the dimensionless reaction diffusion parameters. These equations must obey the following boundary conditions:
Variational iteration method
The variational iteration method (He, 2007 (He, , 1999 
Analytical solution of the concentration and current using Variational iteration method
Using variational iteration method (He, 2007 (He, , 1999 
Equations (14), (15), (16) and (17) represent the analytical expressions of the substrate () uX and enzyme-substrate () vX concentration. From the equation (15), we can also obtain the dimensionless concentration of enzyme ( ) 
Numerical simulation
The non-linear differential equations (14) (15) (16) 
Results and discussion
Equations (14) and (15) are the new and simple analytical expressions of normalized concentration profiles for the substrate () uX and enzyme-substrate () vX . The approximate solutions of second order differential equations describing the transport and kinetics of the enzyme and the substrate in the diffusion layer of the electrode are derived. Fig. 1a-c . In Fig. 2c , the concentration () vX increases when S γ increases. Fig. 3 . Profile of the normalized concentration of product w for various values of P γ . The curves are plotted using equation (19) . The key to the graph: ( __ ) represents the Eq. (19) and (++) represents the numerical results. Fig. 3 shows the dimensionless concentration profile of product () wX using Eq. (20) for all various values of P γ . Thus it is concluded that there is a simultaneous increase in the values of the concentration of () wX as well as in P γ . Also the value of concentration is equal to zero when 0 X = and 1. From the Fig. 3 , it is also inferred that, the concentration () wX increases slowly and then reaches the maximum value at 0.5 X = and then decreases slowly. In the Figs. 1a-c, 2a-c and 3 our steady-state analytical results (Eqs. (14, 15, 19) ) are compared with simulation program for various values of , ES γ γ and P γ .
In Fig. 4a-b 
Conclusion
In this paper, the coupled time-independent nonlinear reaction/diffusion equations have been formulated and solved analytically using variational iteration method. A simple, straight forward and a new method of estimating the concentrations of substrate, product, enzyme-substrate complex and enzyme are derived. we have presented analytical expressions corresponding to the concentration of the substrate and concentration of the enzyme-substrate complex and enzyme interms of the parameters, , 
where L is a linear operator, N is a nonlinear operator, and g(x) is a given continuous function. According to the variational iteration method, we can construct a correct functional as follows [10] [ ]
where λ is a general Lagrange multiplier which can be identified optimally via variational theory, n u is the n th approximate solution, and n u denotes a restricted variation, i.e., 0 n u δ = . In this method, a trail function (an initial solution) is chosen which satisfies given boundary conditions. Using above variation iteration method we can write the correction functional of eqn. (10) as follows ()
Taking variation with respect to the independent variable and nn uv , we get ()
[ ] 
By the iteration formula (A10) and (A11) we obtain the equations (14) and (15) 
